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Introduction
Although the aetiology of dental anomalies remains largely unclear (1) , some anomalies in tooth number, shape and size occur as a result of disturbances during the morphodifferentiation stage of tooth development. Abnormalities in the formation of the dental hard tissues resulting in disturbances in tooth structure are due to the disruption during the histodifferentiation stage (2) (3) (4) . Several studies reported the frequencies of various dental anomalies in different populations, but the results are conflicting. The discrepant results of these studies were attributed to racial differences, variable sampling techniques and different diagnostic criteria (5) (6) (7) .
Tooth agenesis is the congenital absence of one or more teeth. It has been reported to be more common in the permanent dentition, with prevalence rates ranging from 0.03 to 10.1 % (8, 9) . Oligodontia is the congenital agenesis of six or more permanent teeth apart from the third molars whereas absence of less than six teeth is referred as hypodontia. Hyperdontia is the presence of additional teeth compared to the normal series (10, 11) , with a prevalence rate varying from 0.07 to 1.7 % in the primary dentition (12, 13) and from 0.1 to 3.8 % in permanent dentition (10, 14) . Microdontia involving peg-shaped teeth is characterized by marked reduction in a tooth's crown diameter, with the crown's incisal mesiodistal width being shorter than its cervical width. Prevalence rates range from 0.7-9.9% (15, 16) . A relationship between microdontia and tooth agenesis in the permanent dentition has been suggested (17) . Macrodontia was defined when the radiograph revealed the increased size of the teeth and taurodontism was described as an extension of the rectangular pulp chamber into the elongated body of the tooth in the radiograph (18) . The prevalence rates of taurodont molars range from 0.25% to 48% in different populations (19, 20) .
The purpose of this study was to determine the prevalence and distribution of developmental dental abnormalities in shape and number of teeth in a group of Turkish population.
Materials and Methods
A retrospective study was performed using panoramic radiographs of 2025 patients (885 males and 1140 females) ranging in age from 9 to 35 (mean age 25.61±10.04) years drawn from the archives of Department of Oral Radiology, University of Istanbul, No additional radiograph was taken for this study. Selection criteria of the samples included the patients that were not diagnosed with any syndrome or illness that involved odontogenesis and dental eruption. Only subjects of Turkish origin were selected.
The following developmental dental anomalies were assessed in the present study.
1. Number abnormalities: Tooth agenesis (hypodontia/oligodontia), hyperdontia.
A tooth was considered "congenitally missing" when absence of radiopacity of the bud was confirmed in the panoramic radiographs with respect to the dental age and the time of tooth calcification. hyperdontia. While collecting data on hypodontia/oligodontia, missing third molars were not included in the sample, which might be due to extraction.
2. Shape abnormalities: microdontia (including peg-shaped lateral incisors), macrodontia, taurodontism and root abnormalities.
statistical Analysis
Statistical Package for Social Sciences (SPSS) for Windows software, version 16.0 (SPSS Inc., Chicago, IL, USA) was used in this study. The standard descriptive methods such as the mean, standard deviation, median, frequency, minimum and maximum were applied to determine the characteristics of the sample. The chi square and Fisher's exact tests were used to determine potential differences in the distribution of dental anomalies stratified by gender and age variables.
Results
Among the 2025 subjects, a total of 96 individuals (42 males and 54 females) showed at least one of the selected dental anomalies (4.74%). Distribution of the subjects according to the gender and age was shown in Table 1 . Table 2 showed the distribution of each dental anomaly according to the gender. No statistically significant differences in the frequency of any of the dental anomalies based on gender were found (p>0.05). The frequency of dental anomalies was statistically higher in age groups of 13-18 years and 19-35 years compared to the age group of 9-12 years (p<0.05). number Abnormalities
Tooth agenesis was the most frequent tooth number anomaly. Of 36 patients, 13 male and 23 female patients had at least 1 congenitally missing tooth. The total prevalence of tooth agenesis was 1.77%, making it the most frequent of all developmental anomalies for all 2025 patients (Table 2) . Tooth agenesis was found most frequently in the maxillary lateral incisors (n=16;44.4%) followed by maxillary and mandibular premolars together (n=14; 38.8%). The prevalence of agenesis of mandibular incisors and maxillary and mandibular canines was found in 5 (13.8%) and 1 (2.7%) of the subjects, respectively. Hyperdontia was observed in 16 subjects (6 male and 10 female), with a total prevalence of 0.79% (Table 2) . Of the 16 hyperdontia subjects examined, 14 had supernumerary incisors wheras only 2 of them supernumerary premolars. When the distribution of hyperdontia subjects were evaluated according to the dental arches, 14 patients had supernumerary teeth on their maxilla whereas 2 of them had supernumeraries on the mandibular.
shape Abnormalities
Taurodontism was the most common tooth shape anomaly occurring 24 (14 male and 10 female) of all patients (1.18%). Microdontia was the second most frequent tooth shape anomaly and observed in 11 subjects (5 males and 6 females) with a total prevalence of 0.54%. Root anomalies were observed in 9 subjects (4 males and 5 females) with a total prevalence of 0.44% (Table 2) .
Discussion
Odontogenic anomalies are the formative defects caused by genetic disturbances or environmental factors during tooth morphogenesis. Occurrence of multiple anomalies in individuals or families, without evidence of other systemic manifestations or syndromes have rarely been reported (21, 22) .
This study evaluates the prevalence and distribution of various developmental dental anomalies in 2025 patients treated between 2009 and 2012 at the Istanbul University, Faculty of Dentistry. In this study, 4.74% of the total study group had at least 1 dental anomaly.
Significant differences in the occurrence of dental anomalies were observed between this study and previous epidemiological studies (4) (5) (6) (7) 16) . These conflicting results can be explained primarily by racial differences and sampling techniques. These variations could be related to many factors, such as differences between different population groups as well as gender differences, and body size. However, all variations might be manipulated by the interaction of genetic, epigenetic and environmental factors. This interaction may have a direct or indirect impact on the development of the dentition (17). Thongudomporn and Freer (7), and Altug-Ataç and Erdem (2) examined orthodontic patients and reported that the prevalences of several dental anomalies were higher than in previous studies. The explanation for this difference was the selection of the study group of patients who consulted the orthodontic clinic with esthetic concerns. We report the results of a group of 2025 patients, but the prevalence rates of the anomalies were lower than these studies of Thongudomporn and Freer (7), and Altug-Ataç and Erdem (2). In our study, 4.74% of 2025 patients had dental anomalies, whereas, in the study of Thongudomporn and Frer (7), 74.7% of 111 patients, and in the study of Altug-Ataç and Erdem (2) 5.46% of 3043 patients had dental anomalies. Smaller samples in some studies tend to be less reliable, and there might have been a selection factor in that study group. The reported frequency of tooth agenesis depends on the population studied. There is great variation in the literature depending on ethnic groups; in Africans and Australian Aborigines the prevalence is 1%, but it is 30 times higher in Japanese (23) . The frequency of tooth agenesis in a Brazilian population was reported as 4.8% (1). Uslu et al evaluated the prevalence of dental anomalies in 900 orthodontic patients from Turkey and found the agenesis as the most frequent dental anomaly with a prevalence of 21.6% (4). Altug-Atac and Erdem reported a lower rate of tooth agenesis (0.13%) in a sample Turkish group (2). This difference might be explained by the higher sample size in their study. In the present study, the prevalence of tooth agenesis was 1.77% and 63.88% of the patients were female.
The types of teeth reported missing vary in different ethnic groups. In American children maxillary lateral incisors were the most frequent missing teeth (24) whereas the most frequent missing teeth in European children is the mandibular second premolars (25) (26) (27) . In the present study, the maxillary lateral incisors have been found as the most frequently missing teeth, followed by premolars which agrees with the previous reports in Turkish population (2, 4) . The stage of tooth morphogenesis within the development process controls the presence or absence as well as the size and shape of the individual tooth (28) . Microdontia is the condition in which one or more teeth are smaller than normal in size. Information regarding the prevalence of microdontia among healthy populations is scarce, with varying criteria used in assessments. Uslu et al (4) found the prevalence of microdontia as 0.7% of the total study sample and only in female subjects whereas in the study of Altug-Atac and Erdem (2) microdontia was reported in 48 (23 male, 25 female) out of 3043 subjects (1.58%). In the ptesent study the prevalence of microdontia and peg-shaped maxillary lateral incisors were 0.54%, making it the second most frequent dental anomaly. Macrodontia is a rare dental anomaly characterized by an excessive enlargement of all tooth structures that generally could be related with some syndromes. Dental anomalies, including macrodontia, are caused by complex multifactorial interactions including genetic, epigenetic and environmental factors during the long process of dental development (28) . According to Kondo and Townsend (29) shape variation in teeth is related more to genetic and environmental than to other factors; however, they also state that these changes are expressed more in the crown development stage, which is congruent with the findings in Brook's review (28) . None of the subjects showed macrodontia in our study. The prevalence of taurodontism was found to be 1.18% in the total study sample which is similar to the Altug-Atac and Erdem's study (2) . Darwazeh et al (20) found a higher rate (8.0%) of taurodontism in Jordanian dental patients and the maxillary second molar was the most commonly affected tooth (4.4%). Different results might be related to racial variations.
Short-root anomaly, occurring mostly in permanent maxillary incisors has been described as teeth having developmentally very short roots with a crown-to-root ratio of more than 1:1. (30) Idiopathic generalized short-root anomaly is extremely rare (21, 31) . We evaluated both root anomalies and short roots under taurodontism because we observed short roots in only 4 patients. The prevalence of short root was found to be 0.7%.
Conclusion
Tooth agenesis is the most common developmental dental anomaly in our study population, followed by taurodontism. The most common congenitally missing and microdont (peg-shaped) teeth are maxillary lateral incisors.
